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Summary
Introduction:  The  reference  surgical  treatment  for  unstable  posterior  pelvic  fracture  is  per-
cutaneous  iliosacral  screw  ﬁxation,  isolated  or  in  association  with  other  techniques.  As  there
is a  risk  of  passage  outside  the  bone  when  performing  screw  ﬁxation  under  ﬂuoroscopy,  new
image-guidance  techniques  have  been  developed:  ﬂuoronavigation,  peroperative  3D  naviga-
tion, CT-linked  navigation,  etc.  Since  September  2011,  our  department  has  performed  iliosacral
screw ﬁxation  under  CT  control  linked  to  navigation  so  as  to  optimize  screw  positioning.  This
innovative  technology  has  been  used  in  neurosurgery  in  our  center  since  2007,  for  disc  implants,
spinal fracture,  vertebral  arthrodesis  and  intracerebral  localization.
Material  and  methods:  Six  patients  were  treated  by  iliosacral  screw  ﬁxation  for  posterior  pelvic
ring fracture  lesion.  The  O-ARM  (Medtronic®)  computer-assisted  surgical  navigation  system  was
used, combining  surgical  navigation  and  peroperative  3D  imaging.  This  kind  of  osteosynthesis  is
suitable for  non-displaced  or  prereduced  fracture.  A  radiation  dose  report  is  drawn  up  at  end
of surgery.
Discussion:  Postoperative  course  does  not  differ  from  other  percutaneous  osteosynthesis  tech-
niques, combing  the  advantages  of  a  percutaneous  approach  (reduced  infection  and  blood-loss
rates, etc.)  while  optimizing  iliosacral  screw  positioning.  To  date,  no  radiation  overexposure
has been  found.
Conclusion:  The  precision  and  safety  of  iliosacral  screw  ﬁxation  are  now  unequalled,  meeting
the basic  computer-assisted  surgery  principles  of  reduced  morbidity  without  overexposure  to
ionizing radiation.  Indications  for  computer-assisted  surgery  should  therefore  be  extended  to
iliosacral pathologies  (arthritic,  tumoral  and  inﬂammatory),  non-displaced  acetabular  fracture,
etc.
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ntroduction
urgical  treatment  in  pelvic  ring  lesions  aims  at  anatomic
eduction,  necessary  for  a  good  functional  result,  and
arly  mobilization  to  limit  decubitus-related  complications
1,2].
Osteosynthesis  may  be  open  or  percutaneous  [3,4]. CT
s  required  preoperatively  for  planning  and  postopera-
ively  to  assess  both  reduction  quality  and  osteosynthesis
ositioning.
Percutaneous  iliosacral  screw  ﬁxation,  isolated  or  in  asso-
iation  with  other  techniques,  is  the  reference  attitude  in
osterior  lesions  [5—9],  and  is  applicable  to  unstable  frac-
ure  of  the  posterior  arc.
Surgery  in  such  high-energy  trauma  requires  adapted
anagement  of  associated  lesions  by  an  experienced  team
10].
To  reduce  morbidity  and  optimize  screw  position-
ng,  our  department  performs  iliosacral  screw  ﬁxation
nder  CT  control  coupled  to  navigation:  O-ARM  system
Medtronic®). Figure  1  CT  acquisition  after  positioning  reference  frame.
igure  2  A.  Simulation  of  osteosynthesis  with  navigator  interface:  trajectory,  length  and  diameter.  B.  O-ARM  around  patient,
eference frame  and  navigation  instrumentation.
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Material and  methods
Between  August  2009  and  May  2012,  40  pelvic  ring  fractures
were  treated  by  surgery  in  the  Orthopedics-Traumatology
Department  of  Limoges  University  Hospital,  including  40%
(n  =  16)  with  unstable  posterior  arc  fracture  (type  C  on  the
AO-ASIF  classiﬁcation;  B  or  C  on  the  Tile  classiﬁcation).
Several  techniques  were  used:  open  (two  posterior,  ﬁve
anterior)  or  percutaneous  (nine  percutaneous  screw  ﬁxa-
tions:  three  under  ﬂuoroscopic  and  six  under  CT  control
coupled  to  navigation).
Since  September  2011,  we  have  used  computer-assisted
surgical  navigation,  combining  surgical  navigation  and
peroperative  3D  imaging.  This  is  an  innovative  technol-
ogy,  used  in  neurosurgery  in  our  center  since  2007  for
disc  implants,  spinal  fracture,  vertebral  arthrodesis  and
n
ﬂ
p
Figure  3  A.  Peroperative  CT  control  (transverse  slice).  B.  Positionic  ring  lesions  S275
ntracerebral  localization.  We  here  report  on  the  six  most
ecent  procedures.
urgical procedure
his  osteosynthesis  is  applied  to  non-displaced  or  pre-
educed  fractures:  femoral  traction  or  pubic  symphysis
steosynthesis.
After  antibioprophylaxis,  surgery  is  performed  under
eneral  anesthesia,  in  dorsal  decubitus.  The  patient  is
ositioned  on  a  carbon  table,  within  the  O-ARM  scan-
er  so  as  to  enable  the  operative  region  to  be  centered
uoroscopically.
The  surgical  ﬁeld  is  prepared,  and  a  reference  frame  is
ositioned  at  the  iliac  crest  ipsilateral  to  the  lesion,  for
 of  osteosynthesis  on  transverse,  coronal  and  sagittal  slices.
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cFigure  4  Compression  adjustment  under  visual  
nstrument  navigation  and  CT  acquisition  and  3D  reconstruc-
ion  (Fig.  1).
Dedicated  navigation  instrumentation,  with  a  percuta-
eous  perforated  cannula  to  orient  guide-wire  positioning,
s  used  to  control  the  trajectory,  length  and  diameter  of  the
steosynthesis  screw  (Fig.  2).
Peroperative  CT  control  may  be  performed  either  after
ntroducing  the  guide-wire  or  after  screwing,  to  check  the
steosynthesis  and  reduction  quality  (Fig.  3).  Reduction  of
he  sacroiliac  opening  and/or  fracture  site  compression  is
erformed  under  ﬂuoroscopic  control  (Fig.  4).
The  peroperative  radiation  dose  is  recorded  at  end  of
urgery.reliminary results
he  present  series  comprised  six  patients  (ﬁve  male,
ne  female);  mean  age,  62  years  (range,  43—73  years).
a
r
dol.  A.  Before  compression.  B.  After  compression.
steosynthesis  under  CT-guided  navigation  was  indicated  for
our  Tile  B  and  one  Tile  C  fractures  and  1  sacroiliac  metas-
asis.  Trauma  was  high-energy:  two  falls  from  ladders  (>  5
eters),  two  road  accidents  and  one  agricultural  crushing
ccident.
Mean  time  to  surgery  was  7  days  (range,  3—14  days),
epending  on  general  health  status  in  terms  of  associ-
ted  lesions  and  on  the  availability  of  the  neurosurgery
perating  room.  Mean  surgery  time  was  40  min  (range,
5—90  min),  depending  on  associated  procedures:  one  plate
steosynthesis  of  the  pubic  symphysis  (Fig.  5),  one  iliosacral
ementing  procedure  (Fig.  6).
Osteosynthesis  systematically  used  an  8-mm  diameter
annulated  screw  (length,  90—120  mm)  and  washer.
Sitting  was  allowed  at  D2,  partial  weight-bearing  at  D45
nd  complete  weight-bearing  at  D90.
There  were  no  local  (hematoma),  infectious  or  neu-
ological  complications  or  malpositioning  or  secondary
isplacement  of  the  screw.
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Figure  5  A  and  B.  Example  of  iliosacral  screw  ﬁxation  following  pubic  symphysis  osteosynthesis  for  Tile  B2  fracture.
t
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pDiscussion
Computer-assisted  surgery  ensures  precise  in-bone  position-
ing  of  the  iliosacral  screw,  reducing  the  risk  of  false  passage,
depending  on  patient  conditions  (obesity,  digestive  aeration)
and  anatomic  joint  variations  [11,12].
Initial  radiation  dose  results  have  been  encouraging,
with  no  overexposure,  which  is  often  a  limiting  factor  for
m
e
ﬂ
ihis  CT-guided  procedure.  Pelvic  ring  osteosynthesis,  in
ny  case,  requires  systematic  pre-  and  postoperative  CT,
erformed  peroperatively  in  computer-assisted  surgery.
This  technology  requires  considerable  ﬁnancial  invest-
ent,  as  part  of  interdepartmental  cost-sharing:  a  fully
quipped  surgery  room,  lead-protected,  with  reinforced
oor  and  carbon  table.  The  O-ARM  system  (CT  scanner,  nav-
gator  and  ancillary)  costs  about  D  700,000.
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[igure  6  Example  of  iliosacral  screw  ﬁxation  for  iliosacral  m
xation. C.  Percutaneous  osteosynthesis  and  cementing  on  ante
onclusion
ercutaneous  screw  ﬁxation  under  CT  guidance  coupled
o  navigation  provides  unequalled  precision  and  safety.  It
eets  the  basic  principles  of  computer-assisted  surgery,
inimizing  X-ray  dose,  invasiveness  and  morbidity.  Indi-
ations  will  likely  be  extended  in  pelvic  and  orthopedic
urgery:  arthritic  or  inﬂammatory  iliosacral  pathology,  and
cetabular  fracture.
isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
eferences
[1] Goldstein A, Phillips T, Sclafani SJ, Scalea T, Duncan A, Gold-
stein J, et al. Early open reduction and internal ﬁxation of the
disrupted pelvic ring. J Trauma 1986;26(4):325—33.
[2] Routt Jr ML, Simonian PT, Mills WJ. Iliosacral screw ﬁxation:
early complications of the percutaneous technique. J Orthop
Trauma 1997;11(8):584—9.[3] Matta JM, Saucedo T. Internal ﬁxation of pelvic ring fractures.
Clin Orthop Relat Res 1989;242:83—97.
[4] Routt Jr ML, Nork SE, Mills WJ. Percutaneous ﬁxation of pelvic
ring disruptions. Clin Orthop Relat Res 2000;375:15—29.
[asis  of  renal  origin.  A.  Iliosacral  metastasis.  B.  Iliosacral  screw
approach.
[5] Keating JF, Werier J, Blachut P, Broekhuyse H, Meek RN, O’Brien
PJ. Early ﬁxation of the vertically unstable pelvis: the role
of iliosacral screw ﬁxation of the posterior lesion. J Orthop
Trauma 1999;13(2):107—13.
[6] Smith HE, Yuan PS, Sasso R, Papadopolous S, Vaccaro AR.
An evaluation of image-guided technologies in the place-
ment of percutaneous iliosacral screws. Spine 2006;31(2):
234—8.
[7] Arand M, Kinzl L, Gebhard F. Computer-guidance in percuta-
neous screw stabilization of the iliosacral joint. Clin Orthop
Relat Res 2004;422:201—7.
[8] Jacob AL, Messmer P, Stock KW, Suhm N, Baumann B, Regazzoni
P, et al. Posterior pelvic ring fractures: closed reduction and
percutaneous CT-guided sacroiliac screw ﬁxation. Cardiovasc
Intervent Radiol 1997;20(4):285—94.
[9] Dolati B, Larndorfer R, Krappinger D, Rosenberger RE. Stabi-
lization of the posterior pelvic ring with a slide-insertion plate.
Oper Orthop Traumatol 2007;19(1):16—31.
10] Gras F, Marintschev I, Wilharm A, Klos K, Mückley T, Hofmann
GO. 2D-ﬂuoroscopic navigated percutaneous screw ﬁxation of
pelvic ring injuries — a case series. BMC Musculoskelet Disord
2010;11:153.
11] Routt Jr ML, Kregor PJ, Simonian PT, Mayo KA. Early
results of percutaneous iliosacral screws placed with the
patient in the supine position. J Orthop Trauma 1995;9(3):
207—14.12] Schep NWL, Haverlag R, van Vugt AB. Computer-assisted versus
conventional surgery for insertion of 96 cannulated iliosacral
screws in patients with postpartum pelvic pain. J Trauma
2004;57(6):1299—302.
